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Purpose: This study investigated the accuracy of color duplex sonography (CDS) com- 
pared with anterograde intraarterial digital subtraction angiography in the evaluation of 
the tibioperoneal rteries in patients with peripheral arterial occlusive disease. 
Methods: Fifty consecutive patients with femoropopliteal obstruction were examined 
immediately before planned percutaneous transluminal ngioplasty. All CDS examina- 
tions were performed by one observer; the angiograms were interpreted independently b
two readers (A1, A2). We compared agreement concerning judgement of the dominant 
crural artery (suitable for an eventual femorocrural bypass operation) and judgement of 
the severity of arterial lesions. 
Results: Concerning judgement of the dominant artery, the interobserver agreement 
between the two readers of the angiograms was better (kappa value, 0.76) than the 
agreement between CDS versus A1 (0.61) and CDS versus A2 (0.56). However, the 
differences were not statistically significant. The results were independent (no significant 
differences in the kappa values) of the following criteria: presence of diabetes; clinical 
stage of peripheral arterial occlusive disease; kind of femoropopliteal obstruction; and 
status of the popliteal artery. Concerning the evaluation of the severity of arterial lesions, 
the kappa values were sign/ficantly higher (p < 0.05) for A 1 versus A2 (posterior tibial, 
0.87; anterior tibial, 0.79; peroneal, 0.52) than for CDS versus A 1 (0.51; 0.46; 0.07) and 
CDS versus A 2 (0.35; 0.38; -0.05). The sensitivity of CDS (vs A 1 as reference) for 
detecting a hemodynamicaUy relevant arterial lesion (stenosis or occlusion) was 100% in the 
posterior tibial artery, 78% in the anterior tibial artery, and 92% in the peroneal artery. 
Conclusion: Compared with intraarterial anterograde digital subtraction angiography, 
the value of CDS--with its currently used technology--for evaluation of the dominant 
lower leg artery suitable for an eventual femorocrural bypass operation in patients who 
have femoropopliteal obstruction is limited. It cannot replace an accurate preoperative 
angiogram for the routine clinical practice, and its use should be restricted to special cases 
(such as patients with a history of severe allergic reaction to contrast media or of severely 
impaired kidney function). CDS is also limited in the accurate judgement of the morpho- 
logic features of the runoff arteries in their full length in patients with peripheral rterial 
occlusive disease. (J Vasc Surg 1997;25:629-36.) 
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Before peripheral vascular surgery it is necessary 
to evaluate accurately the complete arterial system of 
the extremity in question, to judge the runoff, and to 
plan the localization of the peripheral anastomosis. 
Angiography is the accepted standard for evaluation 
of patients with peripheral arterial occlusive disease 
(PAOD). In our experience, it is often difficult in 
patients with femoropopliteal obstruction to judge 
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Table I. Classification of arterial lesions 
with CDS 
Classification Criteria 
A) Normal 
Plaque 
B) Hemodynamically 
significant stenosis 
C) Long-distance 
narrowing 
Occlusion 
Regular wall, no flow disturbance 
Irregular wall with PSV ratio* < 2 
PSV ratio > 2 
Diameter < 1 mm over one whole 
segment (one third of the artery) 
No flow 
*PSV ratio, PSV at the site of the lesion divided by the PSV 
proximal to the lesion. 
the crural arteries optimally when the angiography 
catheter is placed in the distal abdominal aorta. 
Therefore, we use anterograde angiographic evalua- 
tion to get optimal visualization of the distal arteries. 
Color duplex sonography (CDS) is widely used 
for the noninvasive assessment ofperipheral arteries. 
Although CDS is accepted for the evaluation of'iliac 
and femoropopliteal rteries, its usethlness for the 
detection and grading of arterial lesions of the tibio- 
peroneal arteries is still unclear.l-4 
The objective of this study was to evaluate the 
validity of CDS in the judgement of the dominant 
crural artery suitable for an eventual femorocrural 
bypass operation in patients with femoropopliteal 
obstruction. A further objective was to evaluate the 
validity of CDS in the judgement of the severity of 
atherosclerotic disease of the tibiopcroneal rteries in 
patients with PAOD. Intraarterial ntcrograde digi- 
tal subtraction angiography (LADSA) was used as the 
reference method. 
PATIENTS AND METHODS 
Fifty consecutive patients (26 men, 24 women; 
mean age, 69 years) with femoropopliteal obstruc- 
tion (documented primarily by CDS) in whom cath- 
eter recanalization f these lesions by antegrade pro- 
cedure was planned were selected tbr this study. 
Eight patients had short focal lesions, 15 had multi- 
ple stenoses, and 27 had complete occlusions with a 
mean length of 7 cm (range, 3 to 12 cm). In 25 of 
the patients, the below-knee popliteal artery was also 
involved in the atherosclerotic process with hemody- 
namically significant lesions (>50% diameter reduc- 
tion on arteriogram). 
All CDS examinations of the tibioperoneal rter- 
ies were performed and interpreted by one experi- 
enced observer before IADSA was performed. An 
anterograde angiographic examination and catheter 
recanalization were performed within 3 days after 
CDS. 
All CDS examinations were performed with an 
Acuson XP10 computed sonography unit (Acuson, 
Mountain View, Calif.). A 5.0 MHz linear scanner 
was used. The duration of the CDS evaluation was 
recorded in minutes, with an average xamination 
time of 44 minutes (range, 30 to 55 minutes). The 
anterior tibial artery was examined with the patient in 
a supine position, whereas the posterior tibial and the 
peroneal artery were studied with the patient in the 
prone position. Color flow imaging was used for 
identifying the vessel. All arteries were defined in 
both longitudinal and transverse planes. Velocity de- 
terminations were performed at an insonating angle 
of 60 degrees or less. 
The following diagnostic ategories were used to 
grade arterial lesions (Table I): (A) normal or minor 
plaque; (B) single or multiple hemodynamically sig- 
nificant stenoses; (C) long-distance narrowing or oc- 
clusion. 
If a marked shift in the color spectrum suggested 
the presence of an arterial esion, the peak systolic 
velocity (PSV) of this region was compared with the 
measurement of PSV in the arterial segment immedi- 
ately proximal to this lesion. A focal increase of the 
PSV by more than 100% of that in the proximal 
segment (ratio > 2.0) was considered indicative of a 
hemodynamically significant stenosis (stenosis 
>50%). 5A typical example of such a significant ste- 
nosis diagnosed by increase of the PSV and the cor- 
responding angiogram are demonstrated in Fig. 1. 
The diagnosis of arterial long-distance narrowing 
was made when the luminal diameter of the vessel 
was less than 1 mm within the complete segment of 
the artery. A vessel was considered occluded if no 
color flow was present within the vessel and no pul- 
satile arterial flow was present with the pulsed Dopp- 
ler. If the vessel could not be visualized for a short 
distance and there was no change of the PSV in the 
artery immediately distal to the nonvisualized seg- 
ment, it was considered that no hemodynamically 
significant lesion was present in this nonvisualized 
part of the vessel. 
Each of the three lower leg arteries was divided in 
three segments (proximal, middle, distal), and judge- 
ment was done separately tbr each segment and for 
the vessel as a whole. In arteries with different cate- 
gories of lesions, the most severe lesion was taken for 
comparison with angiography. 
After completion of the examination the investi- 
gator judged also the dominant artery suitable for 
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eventual distal bypass operation. The artery with the 
largest diameter and with a continuous runoff from 
the popliteal artery to the ankle without significant 
stenosis was judged as dominant. It was also possible 
to choose two arteries as equally appropriate. In 
patients with stenosis in all crural arteries, the least 
diseased of the three runoff vessels was judged as 
dominant. In these cases the investigator had also to 
choose the appropriate site (proximal, middle, distal 
segment) on the artery for eventual bypass anasto- 
mosis. 
In all patients, anterograde IADSA was per- 
formed with a Siemens Bicor Medical System (Sie- 
mens, Erlangen, Germany) using a 6F introduction 
sheath placed in the common femoral artery. Con- 
trast medium with 300 mg J /ml  (100 ml Jopamiro 
300R usually combined with 50 ml 0.9% saline solu- 
tion) was injected at 2 to 5 ml/sec for a total volume 
of 10 to 15 ml per injection. An average of  six 
injections was needed to evaluate sequentially the 
vasculature of  an entire limb. A focal spot of 1.2 mm 
and an operating range of 55 to 75 kvp and 120 mAs 
per exposure was used for most patients. Video ac- 
quisition was obtained from a 23 cm three-high 
definition (HD) image intensifier at two frames per 
second into a 512 x 512 matrix. A total of 10 to 20 
frames usually was required per injection. Postpro- 
cessing was used to achieve optimal mask/image 
combinations, and a hard copy was obtained with a 
standard multiformat camera. 
Angiographic recordings were made in the an- 
teroposterior view before recanalization of the femo- 
ropopliteal obstruction. Blinded evaluation of all an- 
giograms was performed independently by two 
different observers (A1 and A2). Both observers had 
long-term (>10 yr) experience in performing anglo- 
graphic and interventional vascular procedures, and 
both were also trained by weekly conferences with 
the colleagues from the Department of Vascular Sur- 
gery in selecting patients for surgical procedures and 
choosing the appropriate site for bypass anastomosis. 
The same diagnostic categories as with CDS ex- 
aminations were used to grade arterial esions: (A) 
normal or plaques; (B) single or multiple stenoses; 
(C) long-distance narrowing or occlusion. A signifi- 
cant stenosis was diagnosed on an arteriogram by a 
>50% diameter reduction. The degree of stenosis 
was determined by comparison of the width of the 
contrast column at the point of  maximal diameter 
reduction with that of  the normal arterial segment 
immediately proximal to the lesion. Long-distance 
narrowing of  an arterial segment was diagnosed on 
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Fig. 1. A, CFS of lower-leg artery with hemodynamically 
significant stenosis (arrows). Area of increased velocity is 
identified as shift in colour spectrum in artery lumen. 
Monophasic Doppler waveform shows a PSV of 0.74 
m/sec in region of stenosis. A, artery; V, corresponding 
vein; F, Doppler gate positioned at site of maximal flow 
disturbance shown on color flow image. B, Corresponding 
IADSA of runoff arteries. Dominant vessel is anterior tibial 
artery, which shows significant stenosis in distal part (ar- 
row). Occlusion of posterior tibial and peroneal artery. 
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Table II. Level of agreement (expressed as kappa value with 95% confidence interval) between CDS 
and IADSA in identifying the dominant crural artery with respect to different criteria 
Cr i ter ia  n CDS vs A z CDS vs A 2 A 1 vs A 2 
All patients 50 0.61 (0.40-0.81) 0.56 (0.35-0.77) 0.76 (0.60-0.92) 
Non-diabetics 24 0.58 (0.21-0.94) 0.62 (0.28-0.95) 0.68 (0.40-0.96) 
Diabetics 26 0.58 (0.31-0.85) 0.48 (0.20-0.76) 0.78 (0.58-0.98) 
Clinical stage 
Claudication 27 0.51 (0.17-0.85) 0.48 (0.16-0.80) 0.74 (0.50-0.98) 
Critical limb ischemia 23 0.66 (0.40-0.92) 0.60 (0.33-0.87) 0.75 (0.54-0.97) 
Femoropopliteal obstruction 
Stenosis 23 0.60 (0.32-0.87) 0.61 (0.35-0.87) 0.83 (0.65-1.01) 
Occlusion 27 0.59 (0.28-0.90) 0.47 (0.16-0.78) 0.66 (0.41-0.91) 
Status ofpopliteal artery 
No significant disease 25 0.57 (0.26-0.87) 0.51 (0.21-0.81) 0.88 (0.71-1.04) 
Significant disease 25 0.65 (0.37-0.93) 0.60 (0.32-0.88) 0.64 (0.39-0.88) 
an arteriogram when the luminal diameter of the 
contrast column was less than 1 mm. Angiographic 
diagnosis of occlusion was made with an abrupt stop 
of the contrast column. 
In correspondence with CDS, each artery was 
divided on the angiogram in three segments (proxi- 
mal, middle, distal) and judgement was done for 
each segment and for the vessel as a whole. In arteries 
with different categories of arterial esions, the most 
severe lesion was taken for comparison. After com- 
pletion of the examination the investigator also 
judged the dominant artery suitable for eventual dis- 
tal bypass operation. As with CDS, the interpreters of
the angiograms also had the possibility to choose two 
arteries as equally appropriate. For comparison with 
CDS, in patients who had stenosis in all crural arter- 
ies the observer had also to choose the appropriate 
site (proximal, middle, distal segment) on the artery 
for eventual bypass anastomosis. Finally, the data of 
CDS were compared with IADSA following the cri- 
teria mentioned above. Studies with suboptimal visu- 
alization of the arteries were included in the analysis. 
The levels of agreement between CDS and 
A1/A 2 and between the two readers of the angio- 
grams concerning identification fthe dominant cru- 
ral artery were assessed by using the simple kappa 
statistic. 6 This statistic expresses the amount of 
agreement between two diagnostic tests after adjust- 
ing for the agreement expected by chance. The pos- 
sible values range from -1.00 to 1.00. -1.00 indi- 
cates complete disagreement, 0 agreement by 
chance, and 1.00 perfect agreement. When the CDS 
examiner choose two arteries as equally appropriate 
as dominant artery, agreement was only considered 
positive when the interpreters of the angiograms 
judged the same two arteries as equally appropriate. 
The same calculations were performed concerning 
interobserver agreement between the two interpret- 
ers of the angiograms. In patients who had stenosis 
in all crural arteries-when the least diseased of the 
three runoffvessels was judged as dominant-interob- 
server agreement was only considered positive when 
they also agreed concerning the appropriate site 
(proximal, middle, distal segment) of the artery for 
eventual bypass anastomosis. 
For statistical analysis of significance, the levels of 
agreement concerning identification fthe dominant 
crural artery with respect to different clinical criteria 
(diabetic/nondiabetic; clinical stage of PAOD; kind 
of femoropopliteal obstruction; status of the popli- 
teal artery) were compared using the 95% confidence 
bounds of the kappa values. Lack of overlap means a
significant difference at a level ofp < 0.05. The same 
analysis was done concerning differences of agree- 
ment between the different observers (CDS vs A1; 
CDS vs A2; A 1 vs A2). 
The levels of agreement between CDS and 
A1/A 2 and between the two readers of the angio- 
grams concerning the grading of arterial esions are 
also reported as kappa values with 95% confidence 
bounds. 
Considering anterograde angiogram as the diag- 
nostic gold standard for the diagnosis of hemody- 
namically relevant lesions (stenosis or occlusion) of 
the crural arteries, the sensitivity, specificity, and pre- 
dictive values of CDS were calculated using contin- 
gency tables (2 × 2). 7 The prevalence was taken from 
the sample. 
RESULTS 
According to the opinion of the two interpreters 
of the angiograms, an optimal judgement was possi- 
ble in 41 (At) and 46 (A2) patients, whereas in nine 
(A1) and four (3.2) patients, respectively, the visual- 
ization of one or more of the arteries was judged 
suboptimal. Except for two patients in whom judge- 
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Table I l l .  Level of agreement (expressed as kappa value with 95% confidence interval) between CDS 
and IADSA in grading arterial lesions 
Arter ia l  segment CDS vs A 1 CDS vs A 2 A 1 vs A 2 
Posterior tibia] 
Proximal 0.40 (0.19-0.61) 0.39 (0.18-0.59) 0.82 (0.68-0.96)* 
Middle 0.44 (0.24-0.64) 0.45 (0.24-0.66) 0.76 (0.59-0.93) 
Distal 0.75 (0.57-0.93) 0.54 (0.31-0.76) 0.78 (0.60-0.96) 
All segments ogether 0.51 (0.31-0.71) 0.35 (0.16-0.54) 0.87 (0.74-1.0)* 
Anterior tibial 
Proximal 0.45 (0.25-0.65) 0.38 (0.18-0.58) 0.76 (0.60-0.91)* 
Middle 0.55 (0.37-0.74) 0.48 (0.29-0.66) 0.78 (0.62-0.94) 
Distal 0.19 (-0.01-0.40) 0.21 (0.02-0.40) 0.87 (0.73-1.01)* 
All segments ogether 0.46 (0.26-0.66) 0.38 (0.17-0.58) 0.79 (0.64-0.94)* 
Peroneal 
Proximal 0.07 (-0.07-0.22) 0.06 (-0.07-0.20) 0.66 (0.47-0.84)* 
Middle 0.13 (-0.04-0.29) 0.12 (-0.03-0.27) 0.53 (0.30-0.75)* 
Distal 0.07 (-0.14-0.29) -0.06 (-0.26-0.15) 0.49 (0.22-0.75)* 
All segments ogether 0.07 (-0.11-0.26) -0.05 (-0.18-0.09) 0.52 (0.29-0.75)* 
*p < 0.05 vs CDS-A 1 and/or CDS-A 2. 
ment was not possible according to the opinion of 
observer A2, the data of these patients with subopti- 
mal visualization were included in the following analy- 
ses. 
Table II summarizes the level of agreement be- 
tween CDS and IADSA in identifying the dominant 
artery with respect to different criteria. Interobserver 
agreement between the two interpreters of the an- 
giograms (A 1 vs A2) demonstrated a higher kappa 
value (0.76) compared with the agreement between 
CDS and A 1 (0.61) and between CDS and A 2 
(0.56). However, this difference was not significant. 
Concerning the level of agreement between different 
subgroups according to clinical and morphologic cri- 
teria, the results in Table II indicate that the judge- 
ment of the dominant artery by CDS is not influ- 
enced (no significant differences between the kappa 
values) by the presence of diabetes, the clinical stage 
of vascular disease, the kind of femoropopliteal ob- 
struction, or the status of the popliteal artery. The 
agreement between A1 and A z reached the highest 
kappa values for nearly all subgroups, but the differ- 
ence, compared with CDS versus A 1 or A2, was not 
significant in any of these groups. 
Table III summarizes the level of agreement be- 
tween CDS and IADSA in grading the severity of 
arterial esions for the different crural arteries. The 
interobserver agreement (expressed as kappa values) 
between the two interpreters of the angiograms (A 1 
vs A2) was significantly better than the agreement 
between CDS and A x or CDS and A 2 when all three 
segments (proximal, middle, distal) of the arteries 
were judged together. Concerning the evaluation of 
the severity of lesions in the different segments of the 
tibioperoneal rteries, the agreement between A 1 
and A 2 was better than between CDS and A l or A 2. 
This difference was statistically significant except for 
the middle and distal segment of the posterior tibial 
artery and the middle segment of the anterior tibial 
artery. The lowest agreement was observed in the 
peroneal artery. 
Sensitivity, specificity, and positive and negative 
predictive values of CDS (compared with A1 or A2 as 
reference) for detecting a hemodynamically relevant 
arterial esion (categories B and C in Table I; hemo- 
dynamically significant stenosis or long-distance nar- 
rowing or occlusion) are shown in Table IV. Further- 
more, the corresponding data for interpretation f
angiograms by observer A2 compared with the inter- 
pretation of observer A~ as a reference are listed in 
Table IV. 
DISCUSSION 
CDS has been established asan excellent method 
for defining the exact localization of PAOD and for 
estimating the degree of stenosis in the iliac and 
femoropopliteal area. 1-4 Few reports in the literature 
have studied the use of CDS compared with angiog- 
raphy for the evaluation of the crural arteries. 81° The 
possibility of CDS to visualize tibial vessels and to 
predict patency of tibioperoneal rteries has been 
described. Langholz et al} ° examined the accuracy 
of color flow detection of lower-limb arteries in rela- 
tion to Fontaine's criteria of occlusive disease. They 
found a sensitivity between 80% and 90% and a spe- 
cificity between 90% and 97% in detecting arterial 
lesions. The results were independent ofthe stage of 
peripheral arterial disease. Moneta et al.s reported 
that in the tibial vessels duplex mapping was better 
for visualizing anterior tibial and posterior tibial ar- 
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Table IV. Sensitivity, specificity, positive predictive value, and negative predictive value of CDS 
compared with IADSA reference method for identifying hemodynamically relevant lesions (stenosis or 
occlusion) of crural arteries 
Sensitivity Specificity 
Positive Negative 
predictive predictive 
value value 
CDS vs A t 
Posterior tibial 100 (36/36) 57 (8/14) 86 (36/42) 100 (8/8) 
Anterior tibial 78 (28/36) 71 (10/14) 88 (28/32) 56 (10/18) 
Peroneal 92 (33/36) 21 (3/14) 75 (33/44) 50 (3/6) 
CDS vs A 2 
Posterior tibial 97 (32/33) 40 (6/15) 78 (32/41) 86 (6/7) 
Anterior tibial 72 (26/36) 62 (8/13) 84 (26/31) 44 (8/18) 
Peroneal 94 (34/36) 25 (3/12) 79 (34/43) 60 (3/5) 
A 2 VS AI 
Posterior tibial 91 (32/35) 92 (12/13) 97 (32/33) 80 (12/15) 
Anterior tibial 91 (32/35) 71 (10/14) 89 (32/36) 77 (10/13) 
Peroneal 94 (32/34) 71 10/14) 89 (32/36) 83 (10/12) 
Data are given as percentages (actual numbers in parentheses). 
tery segments (94% and 96%) than peroneal artery 
segments (83%). Overall sensitivities for predicting 
interruption of tibial artery patency were 90% for the 
anterior tibial artery, 90% for the posterior tibial 
artery, and 82% for the peroneal artery. Their results 
summarize different clinical groups, including pa- 
tients without significant occlusive disease and pa- 
tients who have aortoiliac disease. 
Hatsukami et al.9 described a sensitivity of 83% 
,for detecting an occlusion in the tibial vessels with 
color Doppler imaging alone compared with arte- 
riography in 19 patients. For identifying a ---50% 
stenosis, sensitivity was 79% and 86% in the posterior 
and anterior tibial arteries, respectively. However, in 
the study of Hatsukami et al. 9 only the well-visual- 
ized angiographic findings were selected for compar- 
ison with color duplex imaging. In our study the 
angiograms with suboptimal visualization of the ar- 
teries were also included in the analysis for compar- 
ing CDS with angiography, and by this way may 
better reflect clinical practice. We observed a suffi- 
cient sensitivity for predicting occlusion or hemody- 
namically significant stenosis in patients with femo- 
ropopliteal obstruction, but we observed a rather low 
specificity, indicating that there were proportionally 
more false-positive than false-negative studies. This 
could be interpreted as a tendency to overestimate 
the severity of arterial esions by duplex sonography 
compared with angiography. However, the use of 
arteriography asthe gold standard in the diagnosis of 
PAOD has certain limitations. In our experience, it is 
often difficult to judge the crural arteries optimally in 
patients with proximal obstruction, when the angio- 
graphic examination is performed with the catheter 
placed in the distal abdominal aorta. Therefore, we 
used an anterograde angiographic examination to 
optimize visualization of the distal arteries. Despite 
this technique, an optimal judgement was not possi- 
ble in all patients. Furthermore, angiographic re- 
cordings in a single projection (the anteroposterior 
view is routinely used in most centers and was also 
used in our study) may underestimate the degree of 
stenosis. We believe that at least partially the lack of 
accuracy of CDS, and especially the low specificity 
concerning hemodynamically relevant lesions, may 
be a reflection of the limitations of arteriography as 
the reference method. The limitations of angiogra- 
phy for the evaluation of the tibioperoneal rteries 
are also expressed by the suboptimal agreement be- 
tween two experienced readers of angiograms con- 
cerning identification of the dominant crural artery 
and grading of the severity of arterial esions (see 
kappa values for A 1 vs A 2 in Tables II and III). 
However, this agreement concerning judgement of 
the severity of lesions was significantly better for all 
tibioperoneal rteries than the agreement of the du- 
plex investigator with the two interpreters of the 
angiograms. In accordance with the data of Moneta 
et al., s we also found the lowest agreement in grad- 
ing arterial esions for the peroneal artery. The reason 
can be that the peroneal artery is quite deep and has 
many fascial borders urrounding it, which makes it 
more difficult to insonate the peroneal artery. The 
peroneal artery also seems to be difficult to define on 
an arteriogram, which is reflected by the lower agree- 
ment between the two readers of the angiograms. 
Concerning the anterior tibial artery, it is surprising 
that in our study we found the lowest agreement 
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between CDS and IADSA in the distal third of this 
artery, where it is very easy to locate by CDS. This 
suggests that arteriograms may be limited in the 
evaluation of the distal part of the anterior tibial 
artery. 
In cases of peripheral bypass operation, the vascu- 
lar surgeon eeds exact information concerning the 
morphologic features of the lower leg arteries and 
especially the dominant artery suitable for distal anas- 
tomosis. Macroangiopathy with particular involve- 
ment of the lower-leg arteries, as often found espe- 
cially in diabetics, makes necessary distal anastomosis 
up to the crural or pedal area. Our results demon- 
strate that anterograde angiography is superior to 
duplex sonography in identifying the dominant low- 
er-leg artery suitable for an eventual femorocrural 
bypass operation. The kappa values for agreement 
between the two readers of angiograms were higher 
than for agreement between the duplex examiner 
and the readers of the angiograms. The lacking sig- 
nificance of this difference might be a result of an 
insufficient number of studied patients. Angiography 
seems uperior, especially in patients who have diabe- 
tes. These patients often have severe morphologic 
changes in all three lower-leg arteries, thereby mak- 
ing it more difficult o select a dominant artery suit- 
able for fernorocrural nastomosis. 
The kappa values for interobserver agreement 
between the two readers ofangiograms indicate only 
suboptimal greement. This is partially aresult of the 
limitations of angiography cited above. Otherwise, 
we only considered positive agreement between dif- 
ferent observers when they also agreed completely in 
cases where two tibioperoneal rteries were chosen as 
equally appropriate as an anastomotic site. 
Because in half of our patients the popliteal artery 
was free of significant atherosclerotic changes, this 
artery could have served as the distal anastomotic 
site. It is clear that the large majority of vascular 
surgeons would not choose to perform a tibial anas- 
tomosis if the popliteal artery is a suitable anasto- 
motic site with intact tibioperoneal run-off to the 
ankle. However, only a minority of our patients had 
such intact run-offwithout hemodynamically signifi- 
cant changes of the tibioperoneal rteries (Table IV). 
Furthermore, the status of the popliteal artery did 
not influence in a major way the accuracy of duplex 
sonography in evaluation of the dominant tibiopero- 
neal artery (see kappa values for agreement between 
CDS and A I /A  2 in patients without and with signif- 
icant disease of the popliteal artery in Table II). 
Therefore, we think that our results concerning the 
value of CDS for choosing the dominant crural artery 
suitable for an eventual femorocrural bypass opera- 
tion are not influenced by the fact that in some of our 
patients a femoropopliteal bypass procedure would 
have been preferred by vascular surgeons. 
In case of disagreement between the interpreta- 
tion of the duplex scan and those of the two angio- 
gram interpreters, we did not plan to repeat the 
duplex scans because all the patients had successful 
catheter ecanalization of the femoropopliteal ob- 
struction immediately after the diagnostic angiogram 
with consecutive change of the hemodynamic situa- 
tion in the lower leg arteries. Because it was the aim 
of this study to judge the value of CDS for evaluation 
of the tibioperoneal rteries in patients with femoro- 
popliteal obstruction, the results would not have 
been comparable. 
CDS has the advantage of being a noninvasive 
method as opposed to arteriography, and it can be 
used as often as necessary. However, CDS of the 
lower-leg arteries is a time-consuming method and 
therefore cannot be used routinely. Furthermore, 
considering our data at the present time CDS--with 
its currently used technology--cannot replace an accu- 
rate preoperative angiogram. CDS would need to be, 
essentially, as accurate as angiography in predicting 
the best vessel for distal anastomosis in patients who 
are undergoing distal bypass operation. Anything less 
than near-perfect correlation with angiography in 
selecting the tibial vessel for anastomosis and the 
location of the anastomosis within that tibial vessel 
cannot really be acceptable to vascular surgeons who 
perform tibial bypass procedures. CDS might be a 
valuable adjunct o arteriography when it is not pos- 
sible to judge the crural arteries optimally on the 
angiogram. In combination, both of these tech- 
niques can give an accurate judgement of the lower- 
leg arteries. In special cases, such as patients with a 
history of severe allergic reaction to contrast media 
or with severely impaired kidney function, it seems 
justifed to make therapeutic decisions on the basis of 
CDS findings alone. Otherwise, a few recent studies 
examined magnetic resonance angiography com- 
pared with conventional rteriography of peripheral 
vessels. 11,12 Owen et al.n found that magnetic reso- 
nance angiography shows a greater sensitivity than 
conventional contrast arteriography for detecting 
distal runoff arteries in patients with PAOD. Carpen- 
ter et al. ~z concluded that this method is sufficient for 
planning peripheral bypass procedures, and its use 
may supplant contrast arteriography in many pa- 
tients. CDS could also be helpful in identifying pa- 
tients as potential candidates for PTA or rotablator 
technique of the lower-leg arteries x3,a4 and could be 
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useful as a fol low-up method after interventions. 
With  further progress in technology,  it seems possi- 
ble that CDS will give better esults and may replace 
invasive arter iography also as a rout ine diagnostic 
procedure.  Recently, the technique o f  contrast en- 
hancement  in vascular Doppler  ul trasound has been 
described and may be a more accurate technique to 
judge the morpholog ic  features o f  the lower- leg ar- 
teries, is Further  studies are necessary to define the 
use o f  CDS with improved technology compared 
with angiography and magnetic resonance angiogra- 
phy in the evaluation o f  the runoffvessels in patients 
with PAOD.  
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